THE OCCURRENCE of a form of congenital heart disease in which there is an anomalous origin of the right pulmonary artery from the ascending aorta, with or without an associated patent ductus arteriosus, but no anomalous pulmonary venous drainage or intracardiac anomaly, is rare. Eight cases have been found on review. The purpose of this paper is to describe a surgically corrected case.
Review of Literature
Findlay and Maier,i in 1951, reviewed the literature concerning anomalies of the pulmonary vessels and reported one case of their own that fits the category under discussion. She was a 4-month-old Negro girl with intermittent cyanosis, dyspnea, and fever. Her congestive heart failure improved initially with medical treatment but she soon died in severe failure and with extensive pneumonia. At autopsy there was a greatly enlarged heart but no intracardiac defect. Just distal to the sortic valve a large vessel originated from the left side of the aorta and coursed behind the esophagus to enter the right lung. There was no right pulmonary artery branch from the main pulmonary artery, and the ligamentum arteriosum was in the normal location. Right pneumonectomy and division of the anomalous pulmonary artery were proposed in retrospect as possible methods of treatment. Maier2 discussed the same patient in 1954 and suggested that an essentially normal distribution of the blood flow to both lungs might From catheterization and angiocardiography. The ductus was closed and the right pulmonary artery was ligated, following which there was dramatic relief of congestive heart failure but unfortunately the baby died 4 The patient was a 10-month-old white boy. The complaints were poor weight gain, repeated respiratory infections, and mild cyanosis associated with crying.
He was the first child of a 20-year-old mother. The course of the pregnancy and delivery were unknown, maternal serology was negative, and the infant's birth weight was 5 pounds 8 ounces. He was said to have breathed and cried spontaneously at birth. A heart murmur, systolic in time, maximal in the pulmonic area, and associated with a snapping pulmonic second sound was first detected at 3 weeks of age. At 6 weeks of age it was first noted that the infant was mildly cyanotic at times of stress. Repeated respiratory infections were treated with intramuscular antibiotics. At no time was the infant considered to be in obvious congestive heart failure, but his growth and development were retarded. When Postoperative study June 1, 1960 . There has been a return toward normal with a change to a rSr' QRS configuration in V1 and disappearance of the deep S wave in V5.
hrtery was entered repeatedly with the catheter, out the right pulmonary artery could not be located. This was not thought to be unusual at the time. The blood oxygen determinations were extremely erratic when the infant was breathing room air. Pressures in the pulmonary artery and the descending aorta were equal, 103/61 and 101/59 mm. Hg respectively. The sampling and pressures were then repeated with the patient breathing pure oxygen. Systemic pressure was unaltered, but there was a decrease in the pulmonary artery pressure creating a systolic gradient across the ductus arteriosus of 20 mm. Hg (fig.  4) . A left-to-right shunt with an increase of 3.1 volumes per cent oxygen content from the right ventricle to the pulmonary artery was found. teriosus, and the descending aorta. The right pulmonary artery, however, did not fill ( fig. 5 ). Following the injection into the left atrium a normal left atrium and ventricle with intact septa were noted. There was simultaneous opacification of the ascending aorta and the right pulmonary artery and its branches.
To clarify better the origin of the blood flow to the right lung a retrograde arterial cineangiocardiogram by way of the right brachial artery was carried out. The catheter tip was positioned just distal to the aortic valve for the injection of contrast medium. It was conclusively demonstrated that the right pulmonary artery arose as a single vessel from the posterior aspect of the ascending aorta ( fig. 6 ).
Once the diagnosis was known examination showed minimal but definite signs of early clubbing and faint eyanosis of the nailbeds, more pronounced in the left arm than in the right. Operative Procedure
At surgery a T-shaped sternal incision was made. The ascending aorta was enlarged and appeared dilated beyond the aortic valve. A large right pulmonary artery arose from the posterior surface of the aorta. Its diameter was judged to be 12 or 13 mm., approximately the size of the aorta at that level. Just distal to the origin of the left subelavian artery the aorta narrowed somewhat to a diameter of 6 7) . Systolic pressures in each of these structures were essentially equal. After dissection of the various vessels the right pulmonary artery was clamped and its point of origin from the aorta was closed with sutures. The ductus arteriosus was divided between clamps and both ends were sutured. Finally, the anterior portion of the main pulmonary trunk was clamped with a curved vascular clamp in such a way as to permit a longitudinal incision, and a stretch-weave Dacron graft with a diameter of 13 mm. was interpolated anterior to the aorta end-to-side between the distal end of the right pulmonary artery and the pulmonary trunk. The surgery was well tolerated.
Postoperative Course
The postoperative course was uncomplicated. Although the child had not been in respiratory distress prior to surgery, it was soon evident that he breathed a great deal easier after surgery. He was discharged on the fourteenth day after the operation.
Six weeks following surgery, at the age of 14 months, the patient weighed 18 pounds 14 ounces, a postoperative gain of 3 pounds 14 ounces. He had improved in all respects. The heart was slightly enlarged to the left by percussion but not overactive. There was a faint systolic murmur in the pulmonic area. The pulmonary second sound was single and regarded as being at the upper limits of normal in intensity.
The cardiac status was re-evaluated 3 months after surgery when the infant was 15 months old. On the postoperative radiographs the con- it is a surgically correctable condition. Syniptoms tend to appear early and to be severe. There are two features that might aid one in suspecting the diagnosis. If radiographic study shows a disproportionate or unilateral increase in pulmonary vasculature, this condition should be considered. If a patent duetus arteriosus were present, a difference in color and clubbing in the arms might be evident. Angiocardiography is of prime importance and the only certain method of delineating the anomaly.
While the prognosis in the case presented must remain uncertain pending long-term observation, there is reason to believe the outcome will be good. The excellent response of the pulmonary vascular bed in a 1-year-old child, in whom the pressure previously was equal to systemic, is very encouraging. Fortunately it was possible to utilize a graft of such size that it should permit good perfusion of the right lung despite growth.
As far as we can ascertain this is the first case in which a graft has been used successfully in the pulmonary arterial tree. The problem has, however, been subjected to experimental study. Robinson, Glotzer, Gilbert, and Hurwitts showed that aortic homografts in the pulmonary artery are subject to severe degenerative alterations. Moore may have accounted for the absence of symptoms until the age of 17 years. Diagnosis was established by cardiac catheterization and angiocardiography. Surgical correction by an Ivalon graft with end-to-end anastomosis to the right pulmonary artery and endto-side anastomosis to the main pulmonary artery was accomplished; however, the patient died 5 hours after completion of surgery.
Our patient has been examined 15 months after surgery. He has grown and developed normally and is asymptomatic. A soft systolic murmur persists at the base of the heart, but examination otherwise is normal.
